Abstract. An interesting class of submanifolds of Hermitian manifolds is the class of slant submanifolds which are submanifolds with constant Wirtinger angle. In [1±4,7,8] slant submanifolds of complex projective and complex hyperbolic spaces have been investigated. In particular, it was shown that there exist many proper slant surfaces in CP 2 and in CH 2 and many proper slant minimal surfaces in C 2 . In contrast, in the ®rst part of this paper we prove that there do not exist proper slant minimal surfaces in CP 2 and in CH 2 . In the second part, we present a general construction procedure for obtaining the explicit expressions of such slant submanifolds. By applying this general construction procedure, we determine the explicit expressions of special slant surfaces of CP 2 and of CH 2 . Consequently, we are able to completely determine the slant surface which satis®es a basic equality. Finally, we apply the construction procedure to prove that special -slant isometric immersions of a hyperbolic plane into a complex hyperbolic plane are not unique in general.
Abstract. An interesting class of submanifolds of Hermitian manifolds is the class of slant submanifolds which are submanifolds with constant Wirtinger angle. In [1±4, 7, 8] slant submanifolds of complex projective and complex hyperbolic spaces have been investigated. In particular, it was shown that there exist many proper slant surfaces in CP 2 and in CH 2 and many proper slant minimal surfaces in C 2 . In contrast, in the ®rst part of this paper we prove that there do not exist proper slant minimal surfaces in CP 2 and in CH 2 . In the second part, we present a general construction procedure for obtaining the explicit expressions of such slant submanifolds. By applying this general construction procedure, we determine the explicit expressions of special slant surfaces of CP 2 and of CH 2 . Consequently, we are able to completely determine the slant surface which satis®es a basic equality. Finally, we apply the construction procedure to prove that special -slant isometric immersions of a hyperbolic plane into a complex hyperbolic plane are not unique in general.
1991 Mathematics Subject Classi®cation. 53C40, 53C42.
1. Introduction. Let M be a Riemannian manifold andM an almost Hermitian manifold with almost complex structure J. An isometric immersion f X M 3M of M inM is called holomorphic if at each point p P M we have JT p M T p M, where T p M denotes the tangent space of M at p [9] . The immersion is called totally real if m 4 an isometric immersion. We denote by h Y i the inner product for M as well as forM m 4. For any vector X tangent to M, we put JX PX FXY where PX and FX denote the tangential and normal components of JX, respectively. For each nonzero vector X tangent to M at p, the angle XY 0 X % 2 Y between JX and T p M is called the Wirtinger angle of X. An immersion f X M 3M m 4 is called slant if the Wirtinger angle is a constant [2] . The Wirtinger angle of a slant immersion is called the slant angle . A slant submanifold with slant angle is called -slant. Holomorphic and totally real immersions are slant immersions with slant angle 0 and holomorphic nor totally real. There exist ample examples of n-dimensional proper slant submanifolds in complex-space-forms of complex dimension n (see, for instance, [2, 4, 7, 8, 11] We call such an orthonormal basis an adapted orthonormal basis [2] . In [3] the ®rst author proved that the squared mean curvature H 2 and the Gauss curvature K of a proper slant surface M in a complex space formM 2 4 satisfy the following basic inequality:
at each point p P M. The equality sign of 1X2 holds at a point p P M if and only if, with respect to some suitable adapted orthonormal basis fe 1 Y e 2 Y e 3 Y e 4 g at p, the shape operator of M at p takes the following form:
A slant surface M in a KaÈ hlerian surfaceM 2 is said to be special slant if, with respect to some suitable adapted orthonormal frame fe 1 Y e 2 Y e 3 Y e 4 g, the shape operator of M takes the following special form:
for some constant c and some function !. In contrast to the fact that there exist ample examples of proper slant minimal surfaces in C 2 , we prove in section 3 that every proper slant surface in CP 2 and in CH 2 is non-minimal. In section 4, we present a general construction procedure for obtaining the explicit expressions of slant submanifolds of complex projective spaces and of complex hyperbolic spaces. In section 5 we apply the procedure to construct the explicit expressions of special slant surfaces and apply it to determine completely the slant surface which satis®es the equality case of the basic inequality (1.2). In the last section, we establish a non-congruent result by applying the construction procedure. In fact, we prove that, up to rigid motions of CH 2 À4, there exist more than one special -slant isometric immersions for each P 0Y % 2 from a surface of constant negative Gauss curvature À4 os 2 into CH 2 À4 whose shape operators satisfy 1X4 with c 2.
2. Basic formulas. Let f X M 3M m 4 be an isometric immersion of a Riemannian n-manifold intoM m 4. Denote by h and A the second fundamental form and the shape operator of f, and by r andr the Levi-Civita connections of M andM m 4, respectively. The Gauss and Weingarten formulas of M inM are given respectively by
where XY Y are vector ®elds tangent to M and $ is normal to M. For the second fundamental form h, de®ne the covariant derivative " rh of h with respect to the connection on TM È T c M by
The equation of Codazzi is given by
where RXY YZ c denotes the normal component ofRXY YZ. Let M 2m1 Y gY 0Y $ be a 2m 1-dimensional almost contact metric manifold with Riemannian (or a pseudo-Riemannian) metric g, the almost contact 1Y 1-tensor 0, and the structure vector ®eld $. An immersion f X N 3M 2m1 of a manifold N intoM 2m1 is called contact -slant if (i) the structure vector ®eld $ ofM 2m1 is tangent to f Ã TN and (ii) for each nonzero vector X tangent to f Ã T p N and perpendicular to $, the angle X between 0X and f Ã T p N is independent of the choice of X.
A non-minimality theorem.
There exist ample examples of proper slant minimal surfaces in C 2 and there also exist many examples of proper slant surfaces in complex projective plane CP 2 and in complex hyperbolic plane CH 2 (see, for instance [2, 3, 7, 8] ). In this section we prove the following non-minimality for proper slant surfaces in CP 2 and in CH 2 .
Theorem 3.1. Every proper slant surfaces in a complex space formM 2 4 with T 0 is non-minimal.
Proof. Suppose that M is a proper slant minimal surface in a complex space formM 2 4 with T 0. Denote by the slant angle. Then P 0Y be an adapted orthonormal local frame of M inM 2 4. For any normal vector , we put J t f, where t and f denote the tangential and the normal components of , respectively. Then (3.1) yields
3X2
Since the almost complex structure J onM 2 4 is parallel, (2.1) and (2.2) yield
Comparing the normal components of both sides of (3.3) yields
Hence, we ®nd Let p be a non-totally geodesic point in M. We de®ne a function p by
where UM p X fv P T p M X hvY vi 1g. Since UM p is a compact set, there exists a vector v in UM p such that p attains its absolute minimum at v. Since p is a nontotally geodesic point, it follows from (3.6) that p T 0. By linearity, we have p v`0. Because p attains an absolute minimum at v, it follows that hhvY vY Fwi 0 for all w orthogonal to v. So, v is an eigenvector of the symmetric operator A Fv . Thus, by choosing an orthonormal basis fe 1 Y e 2 g of T p M with e 1 v, we obtain
for some real number ". If p is a totally geodesic point, (3.9) holds trivially for any adapted orthonormal basis at p. Consequently, there exists a local adapted orthonormal frame e 1 Y e 2 Y e 3 Y e 4 such that the second fundamental form h of the proper slant minimal surface M inM 2 4 satis®es
where ! " sin . Using (2.4), (3.7) and (3.10), we ®nd 
4.
A general construction procedure. In this section we ®x notation and at the time present a general construction procedure to obtain the explicit expression of a slant submanifold in a complex projective space or in a complex hyperbolic space via Hopf's ®bration. The method presented in this section is dierent from the one used in [5, 10] which represents totally real submanifolds in complex projective or complex hyperbolic spaces.
Case (1): Slant submanifolds in CP m 4. Consider the complex number m 1-space C m1 . Let S 2m1 denote the unit hypersphere centered at the origin and C Ã f! P C X ! " ! 1gX Then we have a C Ã -action on S 2m1 de®ned by z U 3!z. At z P S 2m1 the vector V iz is tangent to the¯ow of the action. The quotient space S 2m1 a $ under the identi®cation induced from the action is CP m 4 with constant holomorphic sectional curvature 4. The almost complex structure J on CP m 4 is induced from the complex structure J on C m1 via the Hopf ®bration: % X S 2m1 3 CP m 4X On S 2m1 consider the Sasakian structure obtained from the projection of J of C m1 on the tangent bundle of S 2m1 and with the structure vector ®eld $ V iz.
Let f X M 3 CP m 4 be an isometric immersion. Then M % À1 M is a principal circle bundle over M with totally geodesic ®bers and the lift f X M 3 S 2m1 of f is an isometric immersion such that the diagram: Denote by h and h the second fundamental forms of f and f, respectively. Then
for XY Y tangent to M, where FX is the normal component of JX in CP m 4. It follows from Lemma 4.1 that in order to obtain the explicit expression of a desired -slant submanifold of CP m 4 with second fundamental form h, it is sucient to construct a contact -slant submanifold of S 2m1 whose second fundamental form satis®es % Ã h h, and vice versa. of f is an isometric immersion such that the diagram:
is an isometric immersion which is invariant under the action of C Ã , there is a unique isometric immersion 2 % X % 
) the standard inclusion. Denote by ! r the Levi-Civita connection of C m1 (respect., of C m1 1
). Then we have [6] 
for XY Y tangent to M, where 4 1 if the ambient space is C m1 ; 4 À1 if the ambient space is C m1 1 . In principle, we obtain the representation of a desired -slant submanifold by solving system (4.4)±(4.6) of partial dierential equations. The general construction procedure goes as follows: First we determine both the intrinsic and extrinsic structures of the -slant submanifold in order to obtain the precise form of the dierential system (4.4)±(4.6). Next we construct a coordinate system on the associated contact -slant submanifold M % À1 M. After that we solve the dierential system via the coordinate system on M to obtain a solution of the system. The solution, say z, of the system gives rise to the explicit expression of the associated contact -slant submanifold of S 2m1 or of H 2m1 1 which in turn provides the representation of the desired -slant submanifold via %.
5. Special slant surfaces with cT 2. The main purpose of this section is to apply the construction procedure to completely determine the slant surface which satis®es the equality case of the basic inequality (1.2). In order to do so, ®rst we prove the following. 
has nonzero constant mean curvature and constant Gauss curvature, and (vi) up to rigid motions, every proper slant surface with constant mean curvature in CH 2 À4 is obtained in the above way if the shape operator satis®es 5X2 for some real number c T 2.
Proof. Let z X R 3 3 C In order to prove statement (vi), we assume that f X M 3 CH 2 À4 is a proper slant surface in the complex hyperbolic plane CH 2 À4 whose shape operator satis®es (5.2) for some constant c T 2 and some function !.
as mentioned in section 4.
From Theorem 3.1 and the proof of Theorem 5 of [4] we know that c P 2Y 5, the metric tensor of M is given by
where is the slant angle given by
and moreover the shape operator takes the form:
with respect to an adapted orthonormal frame ®eld e 1 Y e 2 Y e 3 Y e 4 with e 2 dady. Since a 2 c À 2a3c À 1 p , we have a P 0Y 1 and 
where V iz is tangent to M % À1 M and ! r is the metric connection of C 
Let F e 2os y E 1 V. Then by using (6.6)±(6.12) we obtain
Therefore, there exist coordinates fuY vY tg on
